The performance of common linear algorithms in active noise control applications can be degenerated mainly due to the unmodeled nonlinearities of loudspeakers as actuators in noise attenuation process. The aim of this article is to propose different methods such as prediction error method (PEM), nonlinear autoregressive network with exogenous input (NARX), and series-parallel NARX network based on neural network to experimentally identify the nonlinear behaviour of a loudspeaker. A model of loudspeaker is being used in noise cancellation and control algorithms; hence, its validity and robustness to input amplitude and frequency plays a crucial role in noise control. The results of this article, which are completely based on real and experimental data, demonstrate that neural network based series-parallel NARX model is the best estimator for the fully nonlinear behaviour of the loudspeaker. The capability and robustness of this estimator in comparison with other methods is examined by different test inputs with different amplitudes and frequencies.
INTRODUCTION
The first dynamic model to describe the electro dynamic loudspeaker was proposed by Thiele and Small.
1 Their model utilized linear equations to present loudspeaker dynamics. However, a loudspeaker shows nonlinearities that produce distortions. In previous studies, 2, 3 the nonlinearities of the loudspeaker dynamic are categorized in three main sources: suspensions, diaphragms, and motors. Furthermore, many attempts have been done to model and study the nonlinearities of the loudspeaker dynamic. For instance, in the most recent studies, Ravaund et al. proposed a time varying third order model to describe the dynamic of an electro dynamic loudspeaker. 4 Also, in other study, they ranked the nonlinearities of loudspeaker based on their importance for different input magnitudes and frequencies. 5 On the other hand, Faifer et al. suggested a novel method to estimate nonlinear loudspeaker parameters such as stiffness by linearizing the nonlinear dynamic of the loudspeaker.
6 Chang et al. used experimental laser vibrometry and Finite Element Analysis to model the nonlinear stiffness of the diaphragm.
7 Also, to measure the total harmonic distortion, the electroacoustic system is modelled by its equivalent electrical circuit. In another research, the significant importance of coil position in improving sound quality and reduction of total harmonic distortion is studied using a nonlinear mathematical model of a loudspeaker.
8 Considering all the above-mentioned studies, we observe that all of them have used grey-box models, and therefore they are completely limited to the amplitude and the frequency of input signal. In other words, big input signal such as big electrical current can excite the nonlinear oscillatory behaviours of the diaphragm of loudspeakers; therefore, simple grey-box models would not be accurate enough to demonstrate its behaviour.
Although passive noise and vibration control have been successfully implemented in many engineering applications such as printed circuit boards, 9, 10 jet-impingement cooling systems, 11-14 optic devices, 15 and cryogenic coolers, 16 active noise control (ANC) is necessary in many other applications where some conditions like randomness or non-stationary behaviour of excitation renders passive techniques ineffective. Loudspeakers play a crucial role in active noise control. However, Azadi and Ohadi have claimed that neglecting the nonlinearities of loudspeaker can deteriorate ANC performance.
17
Therefore, Azadi et al. used neural networks for modelling the loudspeaker in the filtered gradient active fuzzy neural network noise control in an enclosure. 18 The aforementioned researches demonstrate the vital need to use black-box models to model the nonlinear behaviour of loudspeaker especially in ANC application. 18, 19 Therefore, in this article, the authors will use different system identification techniques to model loudspeaker dynamics in an offline manner with experimental data. The most essential advantage of using offline identification is the reduction of calculation load and increasing the speed of ANC system. Note that, a comprehensive and accurate identified model of loudspeaker in offline condition can be used in ANC application by considering possible model variations as model disturbance and uncertainty. In order to do so, different methods will be used and tested with a variety of input voltage amplitudes and frequencies.
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